This complex is thought to form a higher order chromatin state that represses gene activity. It has also been found that HP1 plays a role in telomere capping 6 . Surprisingly, recent data have suggested an association of HP1 in gene activity [7][8][9][10] but the nature of this interaction is still completely obscure. Here we show, that HP1 is required for positive regulation of more than one hundred euchromatic genes by its association with the corresponding RNA transcripts and by its interaction with the well known proteins DDP1 11 , HRB87F 12 and PEP 13 , which belong to different classes of heterogeneous nuclear ribonucleoproteins (hnRNPs) involved in RNA processing . We also found that all these hnRNP proteins also bind heterochromatin and are dominant suppressors of position effect variegation. These results indicate that HP1 associates with active genomic regions by its chromodomain binding to transcripts.
Our data together, show novel and unexpected functions for HP1 and hnRNPs proteins. All these proteins are in fact involved in both RNA transcript processing and in heterochromatin formation. This suggests that, in general, similar epigenetic mechanisms have a significant role in the metabolism of both RNA and heterochromatin.
HP1 is a chromosomal protein first discovered in Drosophila melanogaster
through its association with the heterochromatin 1,2 . Molecular studies have shown that HP1 has two prominent structural motifs, the chromo domain 14 and chromoshadow domain 15 , important for chromatin binding and protein interactions respectively. In Drosophila, HP1 is encoded by the Su(var)2-5 locus, a dosage-dependent modifier of position effect variegation (PEV) 16 . In addition to being required for heterochromatin formation, HP1 also plays a critical role in telomere capping and the telomere transcriptional repression in Drosophila 6, 17, 18 . A detailed cytological analysis on polytene chromosomes of Drosophila melanogaster has shown that HP1 is present at about 190 euchromatic sites, including the developmental and heat shock induced puffs 19 and another study has shown that this protein can be removed from euchromatic sites by in vivo RNase treatment 7 . Intriguingly, recent experiments have suggested also a positive role of HP1 in gene expression. It has been shown that HP1 is positively involved in Hsp70 gene activity 7 . Many euchromatic genes in Drosophila are downregulated in HP1 deficient larvae 8 or cultured cells 9 although it is still unknown how many of these genes could be direct targets of HP1. High-resolution mapping experiments have also shown that HP1 is associated with transcriptionally active chromatin in Drosophila 10 . All these data together have opened the possibility that HP1
directly associates with the transcripts of many active genes modulating their These results indicate that HP1 associates with active genomic regions by its chromodomain binding to transcripts.
To identify HP1 targets, we performed a RIP-chip assay (RNA-immunoprecipitation on microarrays) in S2 cells for a wide screening (Supplementary information, section A).
Using a stringent cutoff (10% top rank), we identified 105 genuine transcript targets (Supplementary Table 3 ). Although these transcripts were identified in cultured somatic cells, their genes correspond for the most part with HP1 immunosignals along the polytene chromosomes of larval salivary glands (Fig. 2a) . We analyzed, by real time RT-PCR, the expression of 17 genes corresponding to the HP1 target transcripts in Su(var)2-5 02 /Su(var)2-5 05 mutant larvae, which express an HP1 with a functionally inactive chromodomain (see Methods). We chose 12 genes that comap with HP1 immunosignals on polytene chromosomes and five others located in regions apparently devoid of HP1 immunosignals. We found a significant reduction in transcripts of the 12 genes that comap with HP1 (Fig. 2b) . Three of the genes that do not overlap with any HP1 signal did not show any significant variation between mutant and wild type larvae (Fig. 2c) . These genes may be regulated by HP1 in cultured S2 cells but not in larval cells. For the other two genes which do not comap with HP1 on polytene chromosomes, we observed a reduction in transcripts, probably due to a down-regulation of their expression in other larval tissues but not in salivary glands. As a negative control, we tested five genes that do not comap with HP1 in salivary glands and whose transcripts
were not HP1 targets in SL-2 cells. The results of RT-PCR analysis in HP1 mutant larvae clearly show no effect on the amount of their transcripts (Fig. 2d) , implying that the lack of HP1 induces a specific effect in gene expression and not a general effect in gene expression due to the larval lethality induced by the mutation. Previous at 12000 g for 15 min; the RNAs in the aqueous phase were precipitated with half volume of isopropanol; after precipitation, the RNAs were resuspended in 10µL of DEPC water. Contaminating DNA was digested with RNase-free DNase I (Sigma). The RNA purified from the previous step was used as a template to synthesize cDNA using oligo dT, random hexamers and SuperScript reverse transcriptase III (Invitrogen)
Methods Summary
according to the manufacturer's protocol.
cDNA amplification and labeling. The cDNA was used as template for a two-step random PCR amplification 36 ; in Round A, Sequenase is used to extend randomly annealed primers (Primer A) to generate templates for subsequent PCR; during Round B, the specific primer B is used to amplify the templates previously generated and 
